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The distribution of the major histocompatibility anti-
gens HLA-A,B,C, (HLA) on dendritic cells of normal 
hUDian skin was studied by immunoelectron microscopy 
and a 4-step immunoperoxidase technique utilizing 
monoclonal antibodies. Light microscopy revealed pe-
ripheral staining for HLA of epidermal and pilar infun-
dibular keratinocytes. In the epidermis, the staining was 
present from the basal layer to the upper stratum spi-
nosum. In the follicles below the level of the infundibu-
lum, HLA was detected only on rare intraepithelial den-
dritic cells. These dendritic cells could not be identified 
in the epidermis due to the HLA staining of the surround-
ing keratinocytes. Similar cells stained diffusely with 
anti-T6 antibody; the keratinocytes did not. lmmuno-
electron microscopy demonstrated: (1) the presence of 
HLA staining of keratinocyte membranes from the stra-
tum basalis to the level of the upper stratum spinosum 
and in the pilar infundibulum, (2) the possible absence 
of HLA on melanocytes, (3) the presence of focal HLA 
staining of the membranes of epidermal and follicular 
dendritic cells that contained Birbeck granules and 
were, therefore, Langerhans cells, (4) dendritic mono-
nuclear cells within the follicular epithelium, which al-
though devoid of Birbeck granules, exhibited similar 
reactivity with anti-HLA antibody. These findings sug-
gest that HLA antigens are present on the membranes 
of Langerhans cells, but are not demonstrable on mela-
nocytes in normal human skin. 
The histocompatibility antigens HLA-A,B,C have been 
stated to be present on, and synthesized by, virtually all human 
nucleated cells including those within the epidermis [1-4]. 
However, studies of the distribution of HLA-A,B,C in normal 
human epidermis and epidermal appendages have been few and 
their conclusions contradictory. Ackermann-Schopf et a! [5], 
using mono- and multispecific anti-HLA antisera and an indi-
rect immunofluorescence technique, found cytoplasmic fluores-
cence of the "upper" epidermal cells and no staining of the 
basal layer cells in normal skin sections. Sam·at et al [6] found 
a s imilar fluorescence pattern in spite of absorption of mono-
and bispecific HLA antisera with normal human platelets, and 
thus concluded that the upper epidermal cytoplasmic staining 
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observed previously [5] was not a result of antibody reaction to 
HLA antigens. In another indirect immunofluorescence study, 
utilizing monospecific and pooled anti-HLA antisera, HLA was 
detected on the surface of skin "epithelial" cells in cell suspen-
sion and on cultured cells [7]. The presence of HLA antigens 
on epidermal dendritic cells, in particular melanocytes, was not 
examined in these studies. Moreover, in most studies performed 
so far, the specificity of the anti-HLA antisera was uncertain. 
In a recent study in om laboratory, Ruiter et alt examined 
the location of HLA antigens in normal skin using monoclonal 
antibodies and a 4-step immunoperoxidase technique. Within 
the external root sheath of the lower follicle no epithelial 
staining for HLA-A,B,C (HLA) was observed, but rare HLA-
positive dendritic cells were present. These cells also reacted 
with antibodies directed against HLA-DR (!a-like) antigens. It 
was not possible to identify similarly HLA-positive dendritic 
cells in the epidermis or the follicular infundibulum due to the 
intense uniform HLA reactivity of the epithelial cells. We, 
therefore, undertook a study by immunoelectron microscopy 
(IEM) to identify these HLA-positive dendritic cells. 
MATERIALS AND METHODS 
Normal skin from the scalp was taken near an epidermal cyst, and 
fixed and processed as previously described [8). The t issue for IEM was 
fixed in 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PBS) 
(pH 7.4 ) containing 8% sucrose for 3 h at 4 oc [9], and subseq uently 
repeatedly washed in PBS with 8% sucrose. The tissue was embedded 
in OCT compound (Ames Company, D ivision of Miles Laboratories, 
Elkhart, Indiana) and frozen in liquid nitrogen, cryostat sectioned at 15 
llffi, and mounted on coated glass slides. 
Monoclonal Antibodies 
The monoclonal antibodies employed included anti-HLA-A,B,C (Be-
thesda Research Laboratories, Inc., Gaithersburg, Mru·yland) , anti-T3 
and anti-T6 antibodies (Ortho Diagnostics, Raritan, New Jersey). Anti-
HLA antibody is reactive with a nonpolymorphic region of the common 
backbone of the HLA-A,B,C (HLA) antigens. Anti-T3 antibody reacts 
with virtually all peripheral blood T lymphocytes [10,11). Anti-T6 
antibody reacts with approximately 70% of cortical thymocytes, but not 
with peripheral blood T lymphocytes or monocytes [10,11). Anti-T6 
antibody also reacts with cutaneous Langerhans cells (LCs) and inde-
terminate cells [8,12-15). 
Two of the monoclonal ant ibodies, anti-HLA-A,B,C and anti-T3 are 
of the IgG 2a isotype, whereas anti-T6 is of the IgG 1 isotype. All 3 
antibodies gave a distinct and specific staining pattern, and thus pro-
vided excellent controls for each other in excluding nonspecific reactiv-
ity. We have used these an tibodies along with several other monoclonal 
an tibodies of similru· or different isotypes to study a vru·iety of skin 
lesions, employing frozen sections fixed with acetone or tissues fixed for 
immunoelectron microscopy, and have not encountered any nonspecific 
staining 1·elated to the monoclonal ant ibodies [8,10,15,16]. In our ex-
perience, Fe receptor binding does not occu1· in fixed tissues, such as 
those used in the present study. 
Immunop eroxidase Technique 
A 4-step immunoperoxidase technique was employed [8,16). Frozen 
tissue sections were overlayed with 25 J.tl of a 1:500 dilution of ascit ic 
i' Hanist TJ, Ruiter DJ , Mihm MC Jr, Bhan AK: The distribution 
of major histocompat ibility ant igens in normal human skin. Submitted 
for publication. 
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fluid containing either monoclonal anti-HLA, anti-T3, or anti-T6 anti-
bodies for 60 min. These sections were incubated with a 1:80 dilution of 
rabbit antimouse immunoglobulin serum (Dako Immunoglobulins, Co-
penhagen, Denmark) and in sequence a 1:80 dilution of swine antirabbit 
immunoglobulin serum (Dako), and a 1:50 dilution of peroxidase-rabbit-
antiperoxidase reagent (Dako) for 20-30 min. Staining with 3',3'-cliami-
nobenzidine (DAB) for variable periods up to 10 min was terminated 
by rinsing in PBS. 
Immunoelectron Microscopy 
Sections were fixed with 2% glutaraldehyde in PBS for 20 min at 
room temperature and stored overnight at 4 oc in Karnovsky's solu tion 
[17]. Sections were postfixed in 2% osmium tetroxide, dehydrated in 
graded ethanol solu tions, and embedded in an Epon and Araldi te 
mixture by the inverted gelatin capsule method. Prior to further sec-
tioning, blocks were trimmed into 5-mm cores and specimens evaluated 
by light microscopy after placement on glass slides. Tissue blocks were 
thin-sectioned with a Porter-Blum MT-2 ultramicrotome. Sections 
stained with uranyl acetate and lead citrate as well as unstained sections 
were examined with a Phillips 201 electron microscope. 
RESULTS 
Light Microscopy 
Examination of Epon and Araldite-embedded skin stained 
only by the immunoperoxidase technique disclosed diffuse pe-
ripheral staining for HLA of the keratinocytes of the pilar 
infundibulum and of epidermal keratinocytes from the basal 
layer to the upper stratum spinosum (Fig la) . Keratinocyte 
staining was markedly diminished to absent in the granular 
layer of the epidermis and in the isthmi, and inferior portions 
of hair follicles. Within the subinfundibular portions of the hair 
follicles, rare dendritic cells had peripheral HLA staining (Fig 
lb). Similar dendritic cells were not identified in the epidermis 
or pilar infundibulum due to the diffuse peripheral keratinocyte 
reactivity. 
In sections incubated with anti-T6 antibody, keratinocytes 
and follicular epithelial cells did not stain. Dendritic cells in the 
epidermis (primarily suprabasilar) and follicular epithelium had 
strong, continuous, membrane staining. Rare T6-positive cells 
were seen in the follicular isthmi and inferior portions. 
Sections incubated with anti-T3 antibody had no staining in 
the epidermis or appendages. Rare perivascular lymphocytes 
had peripheral staining with anti-T3 antibody. 
Electron Microscopy (Table I) : 
Paraformaldehyde-flxed, snap-frozen epidermis showed ul-
trastructural preservation typical of previous IEM studies using 
FrG 1. Immunolight micrographs of the epidermis and fo llicular 
epithelium reacted with anti-HLA antibody. a, Peripheral staining of 
epidermal keratinocytes is apparent from the basal layer to the upper 
stratum spinosum (x 256) . b, Only rare cells (arrow) within the 
otherwise unstained subinfunclibular follicular epithelium show periph-
eral staining (X 1,500). 
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TABLE I . Summary of immunoelectron microscopy findings 
Keratinocyte 
Langerhans cell 
Follicular dendritic cell 
Melanocyte 
" Most, not all. 
ANTI·HLA 
+" 
+" 
++ 
• Slight focal staining of one cell. 
ANTI-TG 
++ 
+ 
ANT1-T3 
FrG 2. Immunoelectron micrograph of epidermal (Ke) and subinfun-
dibular fo llicular keratinocytes (Kf). a, Focal reactivity with anti-HLA 
antibody, as demonstrated by DAB reaction product, is seen along the 
cell membranes (arrows and inset) of epidermal keratinocytes (a, bar 
= 1.0 1-1m; inset, bar = 0.2 1-1m) . b, FolliculaJ· keratinocytes in the 
subinfundibular region are devoid of similar reactivity (bar = 1.0 1-1m). 
this technique [8,15). Although keratohyaline granules, tonoftl-
arnents, desmosomes, melanosomes, and Bu·beck granules were 
preserved, many mitochondria showed disruption of cristae and 
the cytoplasm was focally vacuolated and showed indistinct 
polyribosomes, glycogen granules, and endoplasmic reticula 
(Figs 2-5) due to fixation and freezing artifact. 
In sections incubated with anti-HLA antibody, electron-
dense aggregates of DAB reaction product were evenly distrib-
uted along the cell membranes of keratinocytes fTom the basal 
layer to the upper stratum spinosum (Fig 2a). DAB reaction 
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FIG 3. Follicular Langerhans cell (L C() . By immunoelectron mi-
croscopy, focal peripheral reactivity wi th anti-l-ILA antibody was easily 
detected (arrows and inset) (bar= 1.0 J.un; upper right inset , bar= 0.2 
J.<ffi). Bu·beck granule is shown by arrowheads and inset (lower left , 
bar = 0.2J.<m). 
FrG 4. Immunoelectron micrograph of follicular mononuclear ce ll 
(FMC), characterized by a focally indented nucleus, cytoplasmic mi-
crofilaments, and peripheral dendrites (arrowheads) and absence of 
mela nosomes and Birbeck granules. Prominent peripheral staining 
(arrows) by anti-l-ILA antibody is evident along the cell membrane 
(bar= 1.0 run) . 
product was present on epithelial cells in the pilar infundibula , 
but was diminished in the follicular isthmi and absen t in the 
pilar inferior port ions (Fig 2b) . Keratinocytes of the granular 
layer had no peripheral cell staining. N o kera tinocytes or folli c-
ular epithelial cells reacted with anti-T3 or an t i-TG antibodies. 
Endothelia l cells showed membrane staining for HLA. 
Most Birbeck granule-conta ining cells (LCs), whether located 
in the epidermis or pilar epit helium, had slight , mul t ifocal , 
surface staining with anti-HLA ant ibody (Fig 3). R ar e LCs, 
containing numerous Bi.J·beck granules, had no peripheral stain-
ing for HLA. They tended to be located in the stained upper 
stratum spinosum and unstained stratum granulosum. How-
ever, these LCs were not examined for HLA reactivi ty by seria l 
sectioning of t issue blocks. 
Within ha ir follicles, occasiona l dendritic mononuclear cells 
lacked Bi.J·beck granu les, but were rich in cytoplasmic microfil -
aments. T hese folli cular dendri tic cells had infolded nuclei, a 
paucity of mitochondria, lacked phagolysosomes and melano-
somes and , thus, were morphologically iden tical to indete rmi -
nate cells. These cells had prominent continuous sta ining fo r 
HLA on t heir cell membranes and a long dendrites (Fig 4). 
Only Birbeck granule-containing cells (LCs) a nd folli cul a r 
dendri tic cells had periphera l staining wi th ant i-TG an t ibody. 
LCs stained more prominently than folli cular dendri t ic cells. 
N either LCs nor fo llicular dendritic cells reacted with an ti-T 3 
antibody. M elanocytes were nonreactive with ant i-HLA (1 me-
lanocyte had very sl igh t focal staining), ant i-T3, and anti-T 6 
antibodies (Fig 5). 
DISCUSSION 
Both the present and previous studies (Ru iter et a lt) f·i·om 
om laboratory, employing monoclonal anti-HLA antibody a nd 
M 
.. 
FIG 5. Epidermal melanocyte (M) stained with uranyl acetate and 
lead citrate (a.) and unstained (b) fo llowing incubation with anti-l-ILA 
antibody. DAB reaction product is detected only along membranes of 
adjacent keratinocytes (b , arrowheads) (bars = 1.0 J.<m). 
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an immunoperoxidase technique, have demonstrated th e pres-
ence of a common HLA ant igen on keratinocytes of th e stratum 
basalis, stratum spinosum, and pilar infundibulum in froze n 
tissue sections. We have been unable to demonstrate the anti-
gen on the keratinocytes of the stratum granulosum, the up-
permost keratinocytes of stratum spinosum, or on those of the 
follicular subinfundibular epithelium. Using immunolight and 
immunoelectron microscopy, we h ave confirm ed these obser-
vations in a specimen of normal scalp skin. 
The basis for the apparent absence of HLA in these sites is 
unclear. Loss of HLA in the upper epidermal layers may be a 
result of membrane alterations in maturation a nd cell death. 
Newly acq uired cell surface proteins may mask HLA determi-
nants. HLA antigen sh edding (without replacement), analogous 
to the shedding of Ia antigens as postulated in anoth er study 
[18], is unlikely as no antigen-antibody reaction product was 
detected in the intercellulaT space. Finally, it is possible that 
these changes aJ"e site specific, and that some variation from 
the pattern observed in scalp skin may be noted at other 
cutaneous sites. The subinfundibular fo llicular epithelium pro-
vided an unstained background in which occasional l-ILA-posi-
tive dendJ"itic cells were identified. At the ligh t microscopic 
level, the exact nature of these dendritic cells was not readily 
apparent, a lthough they were considered most likely to be LCs. 
Ultrastructurally, some of these dendTitic cells contained BiT-
beck granu les and, thus, were indeed LCs. T hey h ad slight, 
mul tifocal, peripheral staining with anti-HLA ant ibod ies. 
LCs were identified throughout the epidermis and had similar 
HLA staining. Rarely, HLA reactivity was not demonstrated on 
the LCs in the upper portions of th e stratum spinosum. These 
LCs were not examined by serial sectioning, and therefore, 
complete absence of reactivity is not documented. All LCs had 
strong, continuous, peripheral staining with a nti-T6 an t ibody. 
Within the follicular epithelium occasiona l cells had indented 
nuclei, numerous cytoplasmic microfilaments, lacked Birbeck 
granules, phagolysosomes, and melanosomes, and were the re-
fore identical to indeterminate cells. T hey had strong, co ntin-
uous, peripheral HLA reactivity . In sections stained wi th anti-
T6 antibody, these follicular dendritic cells were only slightly 
reactive. 
Normal human melanocytes did not react with anti-HLA 
antibody . Of the numerous melanocytes examined ultrastruc-
turally, only 1 melanocyte showed very sligh t, very foca l stain-
ing. This finding is of particular interest in light of t he recent 
work of Ru iter et a l [19] which demonstrated the absence of 
l-ILA-antibody reactivity on t he nevomelanocytes of benign 
mela nocytic hyperplasia and nevocellular nevi. In terestingly, in 
the same study, these auth ors found HLA ant igens to be present 
on the nevomelanocytes in approximately 50% of dysplastic 
nevi studied . Conversely, most cases of prirnaTy maligna nt 
melanoma of the ski n, had HLA reactivity on the surfaces of 
the majority of malignant melanoma cells. The apparent ab-
sence of HLA reactivity on nonnal melanocytes using our 
technique adds support to the co ncept that HLA expression in 
nevomelanocytic tumors correlates wi th atypia. 
It is possible that our inabili ty to demonstrate HLA reactivity 
on melanocytes may be due to foca l membrane staining, wh ich 
may be missed unless serial sectioning of tissue blocks is per-
formed. Furthermore, our techniques may not have been sen-
sitive enough to detect. antigens present in minute quantities 
on apparently nonreactive melanocytes and some keratinocytes, 
as previously mentioned. It is also conceivable that the antibody 
binding sites on these cells were not readily accessible to the 
reagents used in this staining procedure. In any even t, the 
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present study, performed according to th e above techniques, 
clearly demonstrates t hat melanocytes either lack HLA anti-
gens or express them in much lower quantities than are present 
on other cells including many keratinocytes, LCs, and endothe-
lial cells. 
Addendum 
Utilizing severa l different immunoelectron microscopic tech-
niques, th e presence of HLA-A,B,C ant igens on normal human 
melanocytes (both in situ and in cell suspension) h as been 
observed in a recent study (D. J. Ruiter, M.D., personal com-
munication). 
We would like to thank Mrs. Christine Howard and Mr. Bruce 
Kaynor for superb technical assistance and Mrs. Susan Enwright and 
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